Abstract. This paper is devoted to the study of the following problem. We have set of diffusion processes with absorption on boundaries in some region at initial time t = 0. It is required to estimate of number of the unabsorbed processes for the fixed time τ > 0. The number of initial processes is considered as function of τ and τ → ∞.
Consider the N independent diffusion processes which start from different points x k ∈ D, k = 1, N in the initial moment of time t = 0. The region D ⊂ R d is open connected region and it is limited by smooth surface ∂D. All processes are diffusion processes with absorption on the boundary ∂D. These processes are solutions of the following stochastic differential equations in D with absorption dξ(t) = a(t, ξ(t))dt + 
with an initial condition: ξ(0) = x k ∈ D.
Here the W (k) (t) = (w Thus, these processes have the identical diffusion matrices and shift vectors , but they have different initial states.
We will be interested by distributing of number of processes yet not absorbed by boundary ∂D in the moment of time τ .
This task was offered in [1] as the mathematical model of cleaning of gas from particles (dust, microbes and ect.). Cleaning consists in pass of gas with speed v through the pipe of length l and with permanent section D ∪ ∂D . Walls of pipe absorb the particles. The estimation of efficiency of cleaning can be reduced to the solution of this problem at τ = l/v. In supposition, that particles evolve independently from each other and it's moving can be presented as the solutions of (1) We make the following assumptions: a number and positiones of particles are defined by a given determinate limited measure N (B, τ ) at the initial time. Thus N (B, τ ) is equal to number of points x k in the set B and N = N (D, τ ) < ∞ for fixed τ > 0.
Note, the case when N (·, τ ) = N (·) there is random Poisson measure on a circle C = {(x, y) : x 2 + y 2 ≤ r 2 } was considered in [1] . There is exact formula of distribution function for number of remaining processes in this article. However, this formula consists diffucult computed functions. The present article is devoted to case when initial number of processes N (D, τ ) depends on the final time τ : N (D, τ ) → ∞ when τ → ∞. We shall obtain conditions of such dependence which leads to simple limit distribution function of number not absorbed processes.
We can do the following suppositions about physic character of moving of particles -the domain D has cylindric form :
Here the region Q is bounded and boundary ∂Q is Lyapunov surface C (1,λ) [3] ; -shift (speed of paticles) along coordinate x d is more than along others coordinates considerably;
-the diffusion on the coordinate x d is independence from others. It start from the last, we will do the following suppositions with respect to func-
These suppositions are sufficient for existence of unique solutions of equations (1) [2,p.470]. We will define matrix σ = BB
∂xi∂xj . Let σ be a matrix with the following property
Here µ, there is fixed positive number, and z = (z 1 , · · · , z d−1 ) there is an arbitrary real vector. This operator acts in the following space
with inner product (u, v) A = (Au, v). Here (, ) is inner product in L 2 (Q). The operator A is positive operator [3] . It is known that the following eigenvalues problem Au = −λu, u(∂Q) = 0 has infinity set of real eigenvalues λ i → ∞ and
The corresponding eigenfunctions f 11 , . . . , f 1n1 , · · · , f s1 , . . . , f sns , · · · form complete system of functions both in H A and L 0 2 (Q) := {u : u ∈ L 2 (Q)∩u(∂Q) = 0}. Here number n k is equal to multiplicity of eigenvalue λ k .
We will denote by η(τ ) the number of remaining processes in the region D at the moment τ .
We will also assume that σ-additive measure ν is given on the Σ ν -algebra sets from
Here Σ Y is system of Borel sets from R
1 . In what follows the vectors (x 1 , . . . , x d−1 ), (x 1 , · · · , x d ) will denoted asx, x respectively, the symbol ⇒ will be denote the weak convergence of random values and the symbol I B (·) will be denote indicator of set B.
Note, that the following formulas is true
where B ∈ Σ ν and (
where measure ν(·) has not atoms.
Proof. Consider the following initial-boundary problem
It is known, that u(τ, x) is equal to probability to remain in the region D at the moment τ for a diffusion process which was in a point x at the initial moment ( ξ(0) = x ∈ Q). We will designate through γ k = (x k , 0) the initial position of k-th particle.
Introduce indicators
, if k − th particle belongs to D at the moment τ 0, otherwise.
These indicators are mutually independence by assumption. Thus the following relations are correct
Here 0 ≤ s ≤ 1. As since 0 ≤ u(τ, γ k ) ≤ 1 then we have the following inequality from the last
Here α < ∞. Define the value of u(τ, γ k ). We shall define the solution of (2) in form
Using the last the operator part of (2) transformates to the following equation
The ordinary argumentaion leads to the definition of joined constant λ:
The last gives next system tasks
, where δ(·) be the delta function. Solve the task (5). The following transformations
reduce of problem (5) to the following problem
The last problem has exat solution
The soluton of (4) is described above. We shall assume that system of functions
The solution of problem (2) has the following form
where coefficients c ij are equal coefficients of decomposition of initial value (unit) by system of functions f ij : c ij = Q f ij (x)dx. The Parseval -Steklov equality is true for these coefficients:
Put
c 1i f 1i (x). As since F (x) is continuous and bounded function on thē Q then it can approximate by functions
Here i is integer number and n is integer positive number [4] . It is obvious that sup
For S 1,n (τ ) it is the following inequalities
If we taking into acount the condition of theorem we obtain under τ → ∞
The left and right parts of the last inequalities converge to the following Lebesgue integral [4 ,sec 5]
Estimate S 2,n (τ ). It is rewrite the following way
We have the following convergence from condition of theorem under
I we taking into acount (6) we obtain the following convergence under τ → ∞
As since measure ν(·) has not atoms then the following convergence takes place
Now we shall estimate of the right part of inequality (3).
Here
As since J p (τ ) → 0, p = 1, 2, 3 under τ → ∞ at least almost sure then by analogy with estimation of S 2,n (τ ) we can prove that lim
The proof of theorem is completed. Now we shall investigate particular case of the general problem. Here we can calculate relevant values of normalizing function and on the other hand this case may be represent the first approximation of real situation.
Consider cylindric domain D in E 3 : x 2 + y 2 ≤ r 2 , z ≥ 0. Thus region Q is circle C = {(x, y) : x 2 + y 2 ≤ r 2 } Assume that the diffusion particles start from point (x k , y k , 0) ∈ Q at the moment t = 0. The moving of particles is disrebed by the following stochastic differential equations
where
Assume that the equation (7) defines a diffusion process with absorption on the lateral boundary ∂D = {(x, y, z) :
In what follows, the J 0 (x), J 1 (x) are Bessel functions zero and first order. It are defined as the solutions of next equations
under n = 0 and n = 1. The value of µ (0)
m is equal to m-th root of equation J 0 (µ) = 0 [5, 6] .
We will use the symbol mes(·) to denote the Lebesgue measure. Put Proof. The initial position of k-th particle in this case has form γ k = (x k , y k , 0)
The the value of u(τ, γ k ) is defined as value of u(t, x, y, z). Here u(t, x, y, z) be a solution of the following initial-boundary problem
u(0, x, y, z) = I D∩z=0 (x, y, z);
We shall define the solution of (8) in form
Using the last the operator part of (8) transformates to the following equation
Define the joined constant µ:
The last gives next system problems
,
The problem (10) is solved by analogy with problem (5) from proof of Theorem 1. This solution has the following form
The problem (9) is problem of egeinvalues and it have studied very well [see, for example, [5, p.464.] Rewrite the problem (9) in polar coordinates: u 3 (r, ϕ) := u 2 (r cos ϕ, r sin ϕ) and u 3 is solution the following problem
According to general approach for solution of (11) the solution (8) can be expressed in form
where summation is extending on the all eigenfunctions of problem (12). The constants are defined from initial condition of (9). Such initial condition simplies the form of solution (12). According to results from book [5, p. 466 ] the solution of (12) can be expressed in form
Thus desired probability u(τ, γ k ) is equal to
Define the following sets
It is known from theory of Bessel functions [6] the following relations are valid
1 ) > 0. Then we obtain the following inequalities
It follows from condition of theorem
Thus we obtain the next limit inequalities
The left and right parts of inequalities (14) are integral sums. It have the identical limit under τ → ∞ [4] which is equal to
We used the following known relation αJ 0 (α) = [αJ 1 (α)] ′ [5,p.466] for the last transformation. Now we shall estimate of second summand of right part of (13).
The first factor from right part of (15) converges to πr 2 under τ → ∞. It follows from the condition of theorem.
The second factor from right part of (15) converges to 0 under τ → ∞. It follows from the property of roots: µ Thus we obtained the following convergence J 2,n (τ ) → 0.
To prove that the right part of inequality (3) converges to 0 under τ → ∞ it is sufficiently to obtain the following convergence 
We have proved that S 1,n (τ ) has bounded limit. Then it is clearly that the second factor of right part of (17) converges to zero under τ → ∞. Thus we proved the (16).
Theorem 2 is proved.
